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1 Injection of carrageenan 1% (50 ml) in the mouse paw causes a biphasic response: an early
inflammatory response that lasts 6 h and a second late response that peaks at 72 h, declining at 96 h.
Only mice 7- or 8-week old, weighing 32–34 g, displayed a consistent response in both phases.

2 In 8-week-old mice, myeloperoxidase (MPO) levels are significantly elevated in the early phase at
6 h and reach their maximum at 24 h to decline to basal value at 48 h. Nitrateþ nitrite (NOx) levels in
the paw are maximal after 2 h and slowly decline thereafter in contrast to prostaglandin E2 levels that
peak in the second phase at the 72 h point.

3 Western blot analysis showed that inducible nitric oxide synthase (iNOS) is detectable at 6 h and
cyclooxygenase 2 (COX-2) at 24 h point, respectively. Analysis of endothelial nitric oxide synthase
(eNOS), iNOS and COX-2 expression at 6 and 24 h in 3–8-week-old mice demonstrated that both
eNOS and iNOS expressions are dependent upon the age–weight of mice, as opposite to COX-2 that is
present only in the second phase of the oedema and is not linked to mouse age–weight.

4 Subplantar injection of carrageenan to C57BL/6J causes a biphasic oedema that is significantly
reduced by about 20% when compared to CD1 mice. Interestingly, in these mice, iNOS expression is
absent up to 6 h, as opposite to CD1, and becomes detectable at the 24 h point. Cyclooxygenase
(COX-1) expression is upregulated between 4 and 24 h after carrageenan injection, whereas in CD1
mice COX-1 remains unchanged after irritant agent injection. MPO levels are maximal at the 24 h
point and they are significantly lower, at 6 h point, than MPO levels detected in CD1 mice.

5 In conclusion, mouse paw oedema is biphasic and age-weight dependent. The present results are
the first report on the differential expressions of eNOS, iNOS, COX-1 and COX-2 in response to
carrageenan injection in the two phases of the mouse paw oedema.
British Journal of Pharmacology (2004) 142, 331–338. doi:10.1038/sj.bjp.0705650

Keywords: Mouse; age; paw oedema; eNOS; iNOS; COX-1; COX-2

Abbreviations: BSA, bovine serum albumin; COX-1, cyclooxygenase 1; COX-2, cyclooxygenase 2; NOx, nitrateþ nitrite; eNOS,
endothelial nitric oxide synthase; ECL, enhanced chemiluminescence system; HTAB, hexadecyltrimethylammo-
nium bromide; iNOS, inducible nitric oxide synthase; MPO, myeloperoxidase; nNOS, neuronal nitric oxide
synthase; NO, nitric oxide; PBS, phosphate buffer saline; PGE2, prostaglandin E2

Introduction

Acute inflammatory response is characterized by an increase in

vascular permeability and cellular infiltration leading to

oedema formation, as a result of extravasation of fluid and

proteins and accumulation of leukocytes at the inflammatory

site. Carrageenan-induced rat paw oedema is a widely used test

to determine the anti-inflammatory activity, and it has been

fully characterized in the past (Di Rosa et al., 1971a, b; 1972,

Garcia Leme et al., 1973). More recently, it has been shown

that COX-2 reaches maximal expression 1 h from carrageenan

local injection (Nantel et al., 1999). Mouse paw oedema has

been increasingly used to test new anti-inflammatory drugs as

well as to study the mechanisms involved in inflammation. In

literature, there are about 400 papers where mouse paw

oedema has been used. From an analysis of the current

literature, we found that there are mainly three method papers

that are widely quoted, that are Levy (1969); Sugishita et al.

(1981); Henriques et al. (1987). In 1969, Levy described that

injection of carrageenan 1% in the mouse paw causes an

oedema similar, as time course, to the rat, but less powerful in

proportion. About 12 years later, Sugishita et al. (1981) further

characterized the acute phase of mouse paw oedema using

carrageenan 3%. In 1987, Henriques and co-workers showed

that carrageenan injection into the mouse paw induces a

biphasic oedema. The first phase is characterized by an

oedema of little intensity and unrelated to the dose of

carrageenan used, while the second phase develops after 24 h,
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displaying a more pronounced oedema with a maximum effect

between 48 and 72 h. More recently, it has been shown that

carrageenan 1% induces a marked powerful oedema in BALB/

c mice, but in this case only the second phase has been shown

(Ianaro et al., 1994). Thus, at the present stage, the most

widely used methods are those described by Levy (1969) and

Sugishita et al. (1981).

There are several mediators involved in inflammation.

Histamine, serotonine, bradykinin and prostaglandins (PG)

are involved in the increased vascular permeability. Another

important mediator in acute inflammation is nitric oxide (NO)

which is produced in physiopathological conditions by three

distinct isoforms of nitric oxide synthase (NOS): endothelial

NOS (eNOS), neuronal NOS (nNOS) and inducible NOS

(iNOS) (Moncada & Higgs, 1991). At the site of inflammation,

NO is formed by a number of different cells, including

leukocytes, endothelial cells and sensory nerve cells (Handy &

Moore, 1998). Following the increase in vascular permeability,

there is cell infiltration, mainly neutrophils (in the acute

phase), that contributes to the inflammatory response by

producing, among other mediators, oxygen-derived free

radicals such as superoxide anion (O2
�) and hydroxyl radicals

(Fantone & Ward, 1982). Myeloperoxidase tissue levels are a

well-standardized marker of neutrophil infiltration in tissue,

and have been clearly shown to correlate with the disease

severity. Carrageenan-induced rat paw oedema displays all

these biochemical and cellular features that have been clearly

described in the past and constantly updated following new

discoveries. Here, we have fully analysed both phases

following local carrageenan 1% administration in Swiss CD1

and C57BL/6J mice paw, by taking in account the age–weight

of mice as well as the role of eNOS, iNOS, COX-1 and COX-2,

by measuring both the protein expression and the production

of nitric oxide (NO) and PGE2, respectively. Cellular infiltra-

tion was evaluated by assessing MPO levels.

Methods

Mouse paw oedema

Male Swiss mice (CD-1; Charles River, Italy) from 3-week-old

(15.670.2 g), 4-week-old (21.870.6 g), 5-week-old (28.170.3 g),

6-week-old (30.170.6 g), 7-week-old (32.570.4 g) and 8-week-

old (34.570.6 g), and male C57BL/6J mice (Charles River,

Italy) 8-week-old (26.670.4 g), were divided into groups

(n¼ 10 each group) and lightly anaesthetized with enflurane

4% mixed with O2, 0.5 lmin
�1, N2O 0.5 lmin�1. Each group

of animals received subplantar administration of 50ml of

saline or 50ml of carrageenan 1% (wv�1) in saline (Henriques

et al., 1987; Calhoun et al., 1987). The paw was marked in

order to immerge it always at the same extent in the

measurement chamber. The volume was measured by using a

hydropletismometer specially modified for small volumes

(Ugo Basile, Milan, Italy; Bucci et al., 2000) immediately

before subplantar injection, and 2, 4, 6, 24, 48, 72 and 96 h

thereafter. The assessment of paw volume was performed

always in double blind and by the same operator. The increase

in paw volume was calculated by subtracting the initial

paw volume (basal) to the paw volume measured at each

time point.

MPO measurement

Mice from different groups were killed with carbon dioxide at

2, 4, 6, 24, 48, 72 and 96 h after carrageenan administration,

and the paws were weighed, cut and homogenated in 1ml of

hexadecyltrimethylammonium bromide (HTAB) buffer con-

taining 5 g HTAB in 1L potassium phosphate buffer 50mM,

pH 6.0. (Bradley et al., 1982) using a Polytron homogenizer

(two cycles of 10 s at maximum speed). After centrifugation at

10,000 r.p.m. for 2min, supernatant fractions were assayed for

MPO activity, as an index of cellular migration, using the

method described by Bradley et al. (1982). Samples (20 ml) were
mixed with phosphate buffer (180ml) containing 1mM O-

dianisidine dyhydrochloride and 0.001% hydrogen peroxide in

a microtiter plate. Absorbance was measured at 450 nm, taking

three readings at 30-s intervals. Calculation of units of MPO

was realized considering that 1U MPO¼ 1 mmol H2O2 split

and 1mmol H2O2 gives a change in absorbance of 1.13� 10�2

(change in absorbance¼ nmmin�1).

NOx and PGE2 exudate levels

Mice from different groups were killed with carbon dioxide 2,

4, 6, 24, 48, 72 and 96 h after carrageenan administration.

Paws were cut and centrifuged at 4000 r.p.m. for 30min.

Exudates (supernatants) were collected with 100ml of saline
and were used for NOx (nitrite plus nitrate) and PGE2

quantification. To determine NOx levels, exudates were

deproteinized with ZnSO4 30% for 15min (Thomsen et al.,

1990). Supernatants and a standard curve of sodium nitrate

were incubated in a microplate with cadmium (50mgwell�1)

for 1 h to convert NO3
� to NO2

� (Thomsen et al., 1990). After

centrifugation at 14,000 r.p.m. for 15min, total nitrite (NOx)

content was determined fluorometrically in microtiter plates

using a standard curve of sodium nitrite (Misko et al., 1993).

NOx content was calculated by using the internal standard

curve. PGE2 levels were determined in deproteinized exudate

by radioimmunoassay (Sautebin et al., 1999).

Western blot analysis

Carrageenan-injected and saline-injected paws from mice of

different ages and at different time points were homogenized in

a 10mM HEPES pH 7.4. buffer containing saccharose

(0.32M), EDTA (100mM), dithiothreitol (1mM), phenyl-

methylsulphonyl fluoride (1mgml�1) and leupeptin

(10mgml�1) (Knowles and Moncada, 1994), using a Polytron

homogenizer (three cycles of 10 s at maximum speed). After

centrifugation at 3000 r.p.m. for 15min, protein supernatant

content was measured by Bradford reagent, and protein

concentration was adjusted at 1mgml�1. Protein samples

(50mg) were loaded on 10% SDS–PAGE and transferred onto

nitrocellulose membranes for 45min at 250mA. Membranes

were blocked in PBS-Tween 20 (0.1%) containing 5% nonfat

milk and 0.1% BSA for 30min at 41C. Membranes were

washed with PBS-Tween 20 (0.1%) at 5-min intervals for

30min, and incubated with anti-COX1, anti-COX-2, anti-

iNOS or anti-eNOS polyclonal antibody (dilution 1 : 1000 in

all cases) overnight at 41C. For COX-1 detection, blots were

washed with PBS-Tween 20 (0.1%) at 5-min intervals for

30min and incubated with HRP-anti-goat IgG (1 : 10,000)

for 2 h at 41C. For COX-2 detection, blots were washed with
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PBS-Tween 20 (0.1%) at 5-min intervals for 30min and

incubated with HRP-anti-rabbit IgG (1 : 10,000) for 2 h at 41C.

For iNOS and eNOS detection, blots were washed with

PBS-Tween 20 (0.1%) at 5-min intervals for 30min and

incubated with HRP-anti-mouse IgG (1 : 10,000) for 2 h at

41C. The immunoreactive bands were visualized using

an enhanced chemiluminescence system (ECL; Amersham

Pharmacia Biotech, U.S.A.), according to the manufacturer’s

instructions.

Drugs and reagents

Bradford reagent was from Bio-Rad (Bio-Rad Laboratories,

Segrate, Milan, Italy). [3H-PGE2] was from NEN Du Pont

(Milan, Italy). Nitrocellulose membranes were from Protran,

Schleicher & Schuell (Germany). The antibody against PGE2

was kindly given by Professor Ciabattoni, Chieti University,

Italy. The antibody against COX-1 was from Santa Cruz

Biotechnology, Inc (Milan, Italy). The antibody against COX-

2 was from Cayman-Chemical (U.S.A.). The antibodies

against eNOS or iNOS were from Transduction Laboratory

(U.S.A.). The HRP-conjugated IgG antibodies were purchased

from Dako (Copenhagen, Denmark). All other reagents and

compounds used were obtained from Sigma-Aldrich (Milan,

Italy).

Statistical analysis

Data are expressed as mean7s.e.m. The level of statistical

significance was determined by one-way analysis of variance

(ANOVA) followed by Bonferroni’s t-test for multiple

comparisons, using the GraphPad Prism software.

Results

Mouse paw oedema

In order to determine if the development of the oedema is

dependent upon mouse age–weight, we tested the effect of

carrageenan in different groups of mice ageing 3, 4, 5, 6, 7 and

8 weeks. In the first phase (0–6 h), injection of carrageenan

induced a substantial oedema in mice 6-, 7- or 8-week-old

(weighing 30.170.6–34.570.6 g), which was significantly low-

er in mice 3 (15.670.2 g), 4 (21.870.6 g) and 5 (28.170.3 g)-

week old (Figure 1a). In the second phase (24–96 h,) no

differences were found among groups of animals ageing from

5 to 8 weeks, whereas mice 3- and 4-week old displayed a

significant reduced response to carrageenan (Figure 1b). From

the analysis of the data as area under the curve, it appears clear

that mice 3 (15.670.29 g) or 4 (21.870.69 g)-week old display

a significant lower oedema formation.

MPO activity in the mouse paw

In order to evaluate neutrophil infiltration first, we studied the

time course of MPO activity in response to carrageenan

injection in mice 8-week old. Our results showed that injection

of irritant agent induced an increase in MPO activity that

peaked between 6 and 24 h after carrageenan administration

(Figure 2a). For this reason, these two time points were

selected to study the MPO activity. MPO activity was

detectable in both carrageenan-injected and saline-injected

paws of animals from 3- to 8-week old, the basal levels of MPO

activity being similar in all groups studied (Figure 2b, solid

line). In the first phase of the oedema (6 h), MPO levels

measured in injected paws of mice from 3- to 6-week old were

significantly smaller than MPO activity detected in injected

paws of mice 7- or 8-week old. However, in the second phase

(24 h), no significant differences were found among all the

groups studied (Figure 2b), suggesting that in the second phase

cellular migration is independent of animal age.

NOx and PGE2 levels in paw exudates

To further characterize this model, 8-week-old mice were killed

at 2, 4, 6, 24, 48, 72 and 96 h. Carrageenan-injected and saline-

injected paws were cut and centrifuged at 4000 r.p.m. for

30min. Supernantants were collected and deproteinized with

ZnSO4 30% and used to evaluate NOx and PGE2 content.

Carrageenan administration caused an increase in NOx

production that was maximal at the 2 h point (Figure 2c). In

the second phase, NOx levels were always lower than in the

first phase (Figure 2c). PGE2 levels in the first phase were

maximal at the 2 h point, while in the second phase peaked at

72 h point (Figure 2d).

Figure 1 Mouse paw oedema is biphasic and age dependent. Panel
(a) shows the first phase (0–6 h) of the carrageenan-induced paw
oedema in CD1 mice from 3- to 8-week old. Panel (b) shows the
second phase of the carrageenan-induced paw oedema in mice from
3- to 8-week old (24–96 h). Values are means7s.e.m. (n¼ 6–10).
***Po0.001, **Po 0.01, *Po0.05 compared to the 3-week-old
group mice.
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Time course of eNOS, iNOS, COX-1 and COX-2
expression in CD1 mice 8-week old

To determine which are the isoforms of NOS and COX

implicated in NOx and PGE2 production, expressions of eNOS

(140 kDa), iNOS (130 kDa), COX-1 (70 kDa) and COX-2

(72 kDa) were studied in homogenates of carrageenan-injected

and saline-injected paws from 8-week-old mice killed at 2, 4, 6,

24, 48, 72 and 96 h after treatment. Carrageenan injection did

not modify eNOS protein expression at 2 and 4 h. However,

there was a gradual increase in eNOS protein expression that

peaked between 48 and 72 h (Figure 3). As it was expected,

iNOS protein expression was not detectable in saline-injected

paws of CD1 mice, whereas injection of carrageenan induced

the expression of iNOS which started to be detectable at 6 h

and progressively increased peaking at 72 h (Figure 3). The

constitutive isoform of cyclooxygenase (COX-1) was detected

in saline as well as in carrageenan-injected paws; expression

levels of this protein were not modified after carrageenan

injection (Figure 3). The inducible isoform of cyclooxygenase

(COX-2) was not detectable in the first phase of oedema

development while, in the second phase, its expression was

detected at 24 h and peaked at 72 h point (Figure 3).

Age dependence of eNOS, iNOS and COX-2 expression
in CD1 mice

To study the age dependence of eNOS, iNOS and COX-2

expression in CD1 mice, we selected two representative time

points of each phase of the oedema development. We chose 6 h

since this is the single time point where eNOS protein was

overexpressed in a significant manner in the first phase.

Besides, at 6 h, MPO activity was also significantly higher than

basal levels, indicating an increased infiltration of cells into the

damaged tissue. Concerning the second phase, we chose 24 h

since eNOS, iNOS and COX-2 proteins were all detectable as

well as, only at this time point, MPO activity was significantly

higher than basal levels.

Figure 2 MPO activity and NOx and PGE2 levels measured in paw homogenates from saline- and carrageenan-injected paws of
CD1 8-week-old mice. Panel (a) shows the time dependence of MPO activity in 8-week-old CD1 mice that peaks at 6 h and remains
elevated up to 24 h. The solid line represents basal MPO activity detected in saline-injected paws from the different groups studied
(4.7470.45U MPOmg�1 wet tissue). Panel (b) shows MPO values at 6 and 24 h in 3–8-week-old CD1 mice. Panels (c) and (d) show
the time dependence of NOx and PGE2 production, respectively, in response to both saline (S) and carrageenan injection. For panels
(a) and (b), values are mean7s.e.m. (n¼ 6–10). **Po 0.01, in comparison to the 3-week-old mice; þ þPo0.01 in comparison to the
basal levels (solid line). For panels (c) and (d), values are mean7s.e.m. (n¼ 6–10). ***Po0.001, **Po 0.01, *Po0.05 in
comparison to the saline-injected group.

Figure 3 Time course of eNOS, iNOS, COX-1 and COX-2
expression in saline-injected (s) and carrageenan-injected paws of
CD1 mice 8-week old. Panel (a) shows the densitometric analysis,
while panel (b) shows a blot representative of three separate
experiments. Values are mean7s.e.m. (n¼ 3). ***Po0.001,
**Po0.01, *Po0.5 in comparison to the saline-injected group.

334 I. Posadas et al Inflammatory response is dependent on mouse age

British Journal of Pharmacology vol 142 (2)



Basal levels of eNOS expression, detected in control paws,

showed that the youngest mice 3-week-old exhibited a reduced

expression of this protein when compared to 8-week-old mice

(Figure 4a). Carrageenan injection induces an overexpression

of eNOS at 6 h (Figure 4a) as well as at 24 h (Figure 4a) in 7- or

8-week-old mice.

In control paws, iNOS was not detectable, whereas injection

of carrageenan induced the expression of this protein in all

groups studied both at 6 and at 24 h (Figure 4b). Densitometric

analysis showed that, in the first phase of the oedema, iNOS

protein expression decreased in an age–weight-dependent

manner, whereas, in the second phase, increased in an age–

weight-dependent manner (Figure 4b).

Cyclooxygenase 2 expression, studied in homogenates of

carrageenan-injected and saline-injected paws, was not detect-

able in samples obtained up to 6 h after carrageenan or vehicle

administration, whereas, in the second phase of the oedema

formation (24 h), was similar in all groups studied (Figure 4c).

C57BL/6J mice

The inflammatory response to carrageenan was also studied in

C57BL/6J mice 8-week old. In Figure 5a, the development of

oedema in response to carrageenan injection in CD1 and

C57BL/6J mice 8-week old is shown; both strains of animals

developed a biphasic oedema, but C57BL/6J showed a

significantly reduced oedema formation in response to

carrageenan. In Figure 5b, MPO levels detected in injected

paws of CD1 and C57BL/6J mice 8-week old are shown.

Carrageenan injection in C57BL/6J mice induced an increase

in MPO activity, which was time dependent, peaking at 24 h.

Conversely, as we have previously described, injection of

carrageenan in CD1 mice induced an increase in MPO activity

reaching a plateau between 6 and 24 h.

Next, we have also evaluated NOx and PGE2 levels in paw

exudates of C57BL/6J mice as well as the time course of eNOS,

iNOS, COX-1 and COX-2 expression in response to carragee-

nan injection.

Administration of irritant agent into the C57BL/6J mouse

paw induced an increase in NOx production that peaked at 4 h

and decreased at the 24 h point, remaining at the same level up

to the 96 h point (Figure 5c). Levels of PGE2 were significantly

enhanced 4 h after carrageenan injection and reached a plateau

at 96 h (Figure 5d). On the other hand, studies on protein

expression in mouse paws showed that expression of eNOS

peaked between 2 and 4 h, decreasing thereafter (Figure 6),

showing a different eNOS expression profile when compared

to CD1 mice (Figure 3). Carrageenan injection induced a

significant increase in COX-1 protein expression between 4

and 24 h after irritant agent injection, in comparison to the

saline-injected group (Figure 6). Inducible isoforms of iNOS

and COX-2 were detected 24 h after carrageenan injection,

developing a similar profile to CD1 mice with a maximal level

of expression at the 72 h point (Figure 6).

Discussion

Carrageenan mouse paw oedema has been partially character-

ized and described in three different papers (Levy, 1969;

Sugishita et al., 1981; Henriques et al., 1987), and several

nonsteroidal anti-inflammatory drugs have been shown to be
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Figure 4 Age dependence of eNOS, iNOS and COX-2 expression in saline-injected and carrageenan-injected paws of 3–8-week-old
CD1 mice at 6 and 24 h. Panel (a) shows eNOS expression (representative blot) together with the relative densitometric analysis at
the two time points considered. Panel (b) shows iNOS expression (representative blot) and densitometric analysis, while panel (c)
shows COX-2 expression and densitometric analysis at 24 h only, since at 6 h COX-2 is not detectable. The figures are representative
of three separate experiments. Values are mean7s.e.m. (n¼ 3). ***Po0.001, **Po0.01 in comparison to the carrageenan-injected
3-week-old group.
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active in the mouse model at the same extent as in the rat

model (Calhoun et al., 1987). In the majority of the papers

published, when a new substance, with a potential anti-

inflammatory activity, has been studied in the mouse paw

oedema, the protocol described by Levy (1969) or Sugishita

et al. (1981) has been followed. Thus, at the present stage,

much confusion is generated by the fact that there are many

papers where only one phase is considered either the first (for

example, Njamen et al., 2003) or the second (for example, Wu

et al., 2002) and different doses of carrageenan are used. In

addition, depending upon the protocol followed, carrageenan

1% (Levy, 1969; Henriques et al., 1987) or carrageenan 3%

(Sugishita et al., 1981) is used. The final outcome is that data

obtained are not comparable either for the dose of carrageenan

used or for the phase studied or for the mouse strain selected.

The present study has been performed using the dose of

carrageenan that gives the maximal oedema in both phases

according to Henriques et al. (1987). The results obtained

indicate that the weight and age of mice are a critical issue.

Indeed, only 7- or 8-week-old mice (32–35 g) respond with

a consistent inflammatory pattern to carrageenan, displaying

a biphasic oedema that develops in the first 6 h, followed by a

second phase that starts at 24 h. Thus, the finding that,

following carrageenan subplantar injection, there was a weak

and unrelated oedema in the first phase is to be ascribed to the

age–weight of mice used, that is, 20 g, corresponding approxi-

mately to 4–5 weeks of age (Henriques et al., 1987). This is

confirmed by our study where we have clearly shown that mice

3-, 4- and 5-week old, in the early phase, develop very

little oedema. Measurement of MPO levels showed that cell

infiltration peaks between 6 and 24 h in all groups. These

data suggest that, at the 6 h point, even though the paw

volume is reduced, there is a consistent cell infiltration

that is kept at the same level up to 24 h. MPO levels are

Figure 5 Development of carrageenan-induced oedema in C57BL/6J mice 8 weeks old compared with CD1 mice is shown in panel
(a). Panel (b) shows MPO activity measured in the carrageenan-injected paw of CD1 and C57BL/6J mice 8-week-old at 6 and 24 h
after carrageenan injection. The continuous line represents basal values detected in saline-injected paws of C57BL/6J and CD1 mice
since no difference were found between the two strains studied. Panel (c) shows the time-dependence of NOx production, while panel
(d) shows the time dependence of PGE2 production in paw homogenate in response to saline (S) and carrageenan injection. For
panels (a) and (b), values are mean7s.e.m. (n¼ 6–10). ***Po0.001 in comparison with CD1 MPO values at 6 h, þ þ þPo0.01 in
comparison with C57BL/6J MPO values at 6 h. For panels (c) and (d), values are mean7s.e.m. (n¼ 6–10). ***Po0.001, **Po0.01,
*Po0.5 in comparison with the time saline group.

Figure 6 Time course of eNOS, iNOS, COX-1 and COX-2
expression and densitometric analysis of saline-injected and carra-
geenan-injected paws of C57BL/6J mice 8-week old. The figures are
representative of three similar experiments. Values are mean7s.e.m.
(n¼ 3). ***Po0.001, **Po0.01, *Po0.05 in comparison to the
saline group.
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dependent upon mouse age–weight in the acute early phase,

only. Indeed, in the acute phase (first phase), MPO levels were

consistently lower in mice 3-, 4-, 5-week old when compared to

older mice (7-, 8-week old). Interestingly, in the second phase,

there were no significant differences among the different age

groups.

Next, we determined NOx and PGE2 levels in 8-week-old

mouse paw where both oedema phases are consistently

present. In the rat model, PGE2 is clearly playing a key role

and both eNOS and iNOS play a role in the early and late

phases, respectively (Salvemini et al., 1996; Handy & Moore,

1998; Omote et al., 2001). In the mouse model, NOx levels

peaked at 2 h, slowly declining thereafter. NOx levels in the

first phase were clearly produced by eNOS, as demonstrated

by the Western blot studies showing that iNOS is absent up to

6 h. PGE2 in the first phase, up to 6 h, was produced by COX-1

since COX-2 was undetectable up to the 6 h point. PGE2 levels

peaked at 2 h in the first phase, followed by a second peak, in

the second phase, at the 72 h point. Thus, NO levels are driven

by eNOS in the acute part of this oedema, while they are

produced by both iNOS and eNOS in the second phase.

Similarly, PGE2 are produced by COX-1 in the first phase,

while COX-2-derived PGE2 became involved in the second

phase.

MPO is considered a hallmark of cell infiltration (mainly

neutrophils) in inflammation. MPO levels peak at 6 and are

sustained up to 24 h. Thus, the two key time points of this

oedema are 6 and 24 h; indeed, at these time points, it is also

possible to monitor eNOS, iNOS and COX-2.

eNOS basal levels was significantly increased, by carragee-

nan, in 7- or 8-week-old mice both at 6 and 24 h. Conversely,

iNOS levels at the 6 h point (first phase) were significantly

lower in mice ageing 7 or 8 weeks, when compared to 3-, 4-,

5-week-old mice. At the 24 h point (second phase), iNOS levels

were significantly higher in 7- or 8-week-old mice when

compared to 3–6-week-old mice, similar to eNOS. These data

suggest that in mice there is a much more complex regulation

of NO production when compared to PGs. Indeed, in the acute

phase, there is only COX-1 which is not overexpressed after

carrageenan injection, whereas in the second phase COX-2

protein becomes detectable 24 h after irritant agent adminis-

tration. Conversely, NO release is regulated by both iNOS and

eNOS that are both upregulated during the development of the

oedema. Thus, by using 7- or 8-week-old CD1 mice, it is

possible to clearly study the role of iNOS, eNOS, COX-1 and

COX-2 in vivo in the mouse paw.

Since differences between the entity and the onset of the

oedema have been described depending on the mouse strain

used, we investigated the oedema caused by carrageenan in

C57BL/6J mice. The reason behind this choice is that these

mice are widely used as background mice to produce genetic

engineered mice. Subplantar injection of carrageenan to

C57BL/6J caused an oedema that is significantly reduced by

about 20%, when compared to CD1 mice. Interestingly, in

these mice, iNOS is absent up to 6 h, as opposite to CD1 where

iNOS is already detectable at the 6 h point. Similarly,

carrageenan injection induces a significant increased expres-

sion of COX-1 between 4 and 24 h afterwards, as opposite to

CD1 mice. Besides, MPO levels were maximal at the 24 h point

in C57BL/6J, while at the 6 h point they were lower than MPO

levels detected in CD-1 mice. Thus, there are clear differences

in oedema formation, enzyme distribution and regulation

linked to the mouse strain used.

Our results clearly show that the mouse paw oedema is

biphasic, as opposite to the rat oedema that displays only an

acute phase. In addition, the present results are the first report

on the different expression of eNOS, iNOS, COX-1 and

COX-2 in response to carrageenan injection in mouse paw

oedema related to the age and to the phase of the oedema

formation. In conclusion, in order to obtain reproducible

results, it is necessary to use mice 7- or 8-week old, that is,

weighing more than 30 g. Furthermore, when a new strain of

mice is used, it should be taken into account that enzyme

distribution and mediator onset may change consistently.

Inmaculada Posadas is a post-doctoral fellow from Ministerio de
Educacion, Ciencia y Deporte (MECD) of Spain.
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